This paper aims to contribute to the understanding of climate risks and vulnerability facing cotton farmers in semi-arid regions of Pakistan. Given the ever-increasing climate change impacts on cotton production in Pakistan, especially in semiarid regions where water scarcity puts additional pressure on water sensitive agricultural livelihoods, we have conducted this study to identify climate risks facing cotton farmers in two semi-arid districts of Punjab province (average annual contribution to total cotton production is 80%), based on various climate indicators (such as temperature, rainfall and climate extremes.). A mix of qualitative and quantitative methods has been used to explore factors of vulnerability and comparative vulnerabilities. In the cotton production stage, we found that vulnerability to climate change decreases with increase in the size of the landholding, mainly because large farmers have more financial resources at their disposal to deal with adverse climate impacts, such as crop damages and losses. Adaptive capacity, on the other hand, is found to be one of the significant factors determining the overall vulnerability at the household level, as level of exposure and sensitivity do not differ across different sized households. In other words, indicators of adaptive capacity, such as access to financial resources, diversified livelihoods and access to weather information plays a major role in reducing vulnerability against climate change.
Introduction
Climate change is exacerbating the existing challenges of the agriculture sector (IPCC 2014) , especially for agro-based economies, such as Pakistan, which has severe implications for productivity, livelihoods and economic growth (Siddique et al. 2012) . Agriculture is the backbone of Pakistan's economy. It accounts for 19.5% of the gross domestic product (GDP), employs 42.3% of the total labour force and provides raw material for several value-added sectors ((GoP) Government of Pakistan 2017). Within agriculture, cotton is one of the major sectors driving economic growth of the country. It contributes 5.2% to the agricultural value addition and has a share of 1.0% in the GDP of Pakistan ((GoP) Government of Pakistan 2017). While cotton production declined significantly during 2015-2016, primarily due to flood (a major impact of climate change), the policy focus has shifted to agriculture and especially to the cotton sector. This is also in recognition that climate change is projected to exacerbate risks in the future, which would have serious implications for the export economy of Pakistan (Batool and Saeed 2017) . Moreover, textile industry, a major industrial sector of the country, is largely dependent on the cotton crop for production and hence any adverse impact on local cotton crop has implications for textile sector (in the form of reduced input supply) and in turn, for the national economy (Batool and Saeed 2017) .
Studies based on the station observations found an increasing trend of temperature in Pakistan (Río et al. 2013; Sheikh et al. (2009) ; ADB (2017); Sadiq and Qureshi (2010) ; Khattak and Ali 2015; Ali et al. 2016) . Moreover, future projections based on climate modelling also suggest a continuation of this trend (Batool and Saeed 2017; Saeed and Athar 2017) . Besides mean temperature, climate extremes such as heat waves also show an increasing trend 1 3 both in the past and in future projection for Pakistan (Maida and Rasul 2010; . Furthermore, studies also point towards an increase in temporal and spatial variability of precipitation both in the past as well as future (Ali et al. 2016; Ikram et al. 2016; Salma et al. 2012; Hussain and Lee (2014) ; Siddique et al. 2012 ). This has consequences not only in terms of droughts and dry spells, but combine effect of snow/ice melting and heavy monsoon precipitation makes the country very vulnerable to flooding events. As a result of these climate impacts, there are a huge number of reported evidences of increased poverty, food insecurity and health deterioration (Asian Development Bank 2017). Not only this, livestock, forestry, water, energy, transport and agriculture sector in particular have found to be adversely affected by climate change to a large extent (Asian Development Bank 2017 ). This in turn, have huge implications for the livelihoods of millions of people associated with these sectors and their value chains 1 (Batool and Saeed 2017) . Cotton is considered to be a highly sensitive crop and climate change (both gradual change and extreme events) is expected to have profound impacts on its productivity (Ton 2011) . Cotton crop is particularly vulnerable to high temperatures, CO 2 concentration in the atmosphere, low water availability, high atmospheric evaporation rate and heat stress (MacKerron 2001; Richardson et al. 2002; Singh et al. 2007; Bange 2007) . A comparative analysis of climate impact on cotton crop across several countries, including China, Pakistan, Australia, the US and Brazil among others, indicates that a likely decrease in rainfall along with rising temperatures will likely cause the cotton's demand for water to increase in all of the study areas (Ton 2011) . While the pace of glacial depletion is getting faster, there is a likelihood that water in the Indus River (shared by Pakistan, India and China), which is a major source of irrigation for nearby cotton producing regions, would start to run dry by the end of this century (Kakakhel 2015) .
These studies exclusively highlight direct impacts of climate change on crop production (including productivity and yield) and do not take into account impacts on livelihoods of the farmers. However, given huge macro-economic implications of climate change and agricultural production being an entry point for climate impacts, it is important to dive deep into the micro-level impacts to identify and address key climate risks. In addition to understanding future climate risks, vulnerability assessment is the key to build resilience through targeted interventions which can help to reduce identified vulnerabilities. While every region has faced with varying degrees and types of climate vulnerabilities, depending on geographical, social, economic and cultural features, a one-size-fits-all solution cannot work (Hinkel 2011) . Hence, there arises a need for vulnerability assessments that are specific to location and sector that can guide practitioners and policy makers to devise and implement targeted policy actions (Panthi et al. 2016) . Limited literature exists on farm level livelihood vulnerabilities in Pakistan. Rehman et al. (2018) hint towards deteriorating incomes as a result of changing climate. Food security vulnerability arising out of climate change is briefly highlighted in Ullah (2017) . CIAT and World Bank (2017) also highlight infrastructure damages and employment losses in the aftermath of climate extreme events. Asian Development Bank (2017) also found significantly negative impact of changing climate on the livestock, which is one of the major sources of livelihood for farmers in Pakistan. Apart from these, a major concern of the farmers now is climate impacts on crop production. Crop production in Pakistan is projected to reduce by 8-10% by 2040 as a result of increase in temperature (Dehlavi et al. 2015) . In terms of adaptation, Abid et al. (2015) found that adaptation practices at local level pertains to simple measures such as changing of crop sowing date, as opposed to advance management technologies.
In this backdrop, this study focuses on understanding the climate risks and vulnerabilities facing cotton farmers in Pakistan. The findings of this paper can help generate evidence on how cotton farmers in semi-arid regions are affected by climate impacts, and more importantly, how social differentiation determines the level of vulnerability between different landholders and locations. Enhanced understanding on these issues would be beneficial in designing targeted policy interventions for building resilience of cotton farmers in the face of ever-increasing climate risks. The targeted focus on semi-arid regions is because of the fact that Pakistan's water resources are under great threat of climate change, especially in semi-arid regions (Salik et al. 2015) .
The paper is organized as follow; Sect. 2 details the methodology adopted for this study, Sect. 3 presents extensive discussion on results and Sect. 4 concludes the paper with policy recommendations for enhancing resilience of cotton farmers, to climate risks.
Data and methodology
This research paper follows the mixed methods research approach that integrates both qualitative and quantitative tools to explore research questions in depth. The broader aim of this paper is to understand and explore climate risks facing cotton farmers for promoting climate-resilient livelihoods and economic development. In line with this, the paper will address the following two research questions: 1 3 a. What are the current and future climate change risks at the cotton production stage? b. What are some of the factors of differential vulnerability across various socio-economic groups and locale?
We started our analysis with identification of future climate risks for cotton production in Pakistan and particularly for study sites, using a global gridded crop model called EPIC (Environmental Policy Integrated Climate Model) (Williams et al. 1989) which is an agro-ecosystem model running with a daily time step. It simulates crop development and yield, hydrological, nutrient and carbon cycles and a wide range of crop management activities. It takes inputs of minimum and maximum temperature (°C), precipitation (mm), global radiation (MJ m −2 ), CO 2 concentration, different soil properties, crop heat requirement. In addition, it also takes different parameters related to soil properties and crop management as input. The data used for this paper was produced as a part of ISIMIP (Inter-Sectoral Impact Model Inter-comparison Project) initiative (Warszawski et al. 2014) .
For these simulations, underlying assumptions include the use of Representative Concentration Pathway (RCP) 8.5 scenario, the use of Shared Socio-Economic Pathway (SSP) 2 scenario, the representation of full irrigation, and the representation of CO 2 fertilization. In ISIMIP, all crop models (including EPIC) are forced with only five Global Climate Models (GCMs) which are HadGEM2-ES, MIROC-ESM-CHEM, IPSL-CM5A-LR, GFDL-ESM-2 M and NorESM1-M. Hence, the present analysis is based on the ensemble of these five climate models which is presented by taking the relative difference of four future period (2016-2035, 2036-2055, 2056-2075, 2076-2095) against historical period of 1981-2000. Spatially averaged future yields are also presented for the provinces of Punjab and Sindh which together accounts for more than 95% of country's cotton production. The data from a global gridded crop model EPIC, forced with five different global climate models (GCMs) runs is obtained from ISIMIP (Inter-Sectoral Impact Model Inter-comparison Project) database (Warszawski et al. 2014) . For this simulation, underlying assumptions include the use of Representative Concentration Pathway (RCP) 8.5 scenario, the use of Shared Socio-Economic Pathway (SSP) 2 scenario, the representation of full irrigation, and the representation of CO 2 fertilization. In earlier literature, RCP 8.5 and SSP2 are both referred as 'business as usual' and 'middle of the road', respectively (Fricko et al. 2017) . Moreover, among the four IPCC AR5 scenarios, RCP 8.5 is the highest emission scenario.
For farm level climate impacts information, we carried out an extensive survey of 436 farming households (cotton farmers) in two semi-arid districts of Punjab province (see full map in "Appendix 1"). The questionnaire was composed of close-ended questions related to household (household members, education, gender ratio) and farm (irrigation pattern, type of crops, level of production, climate impacts) level information. Key Informant Interviews (KIIs) and Focused Group Discussions (FGDs) were also done to gain further insights into the vulnerability at community level. Dera Ghazi Khan (DGK) and Faisalabad (FSD) were selected as study sites, based on their high contribution to the total cotton production of the country (42% of the cotton production in semi-arid regions in Punjab comes from these two districts). Three union councils (UC) were selected in DGK (namely, Kala, Mana Ahmadani and Mor Jhangi) and one in FSD (namely 91), based on their cotton production averages in the last 10 years. The selection of UCs was carried out to capture the diversity in climate risks and vulnerabilities within the study sites, with DGK UCs (Kala, Mana Ahmadani, Mor Jhangi) being sensitive to hill torrent and riverine flooding, while FSD UC (91) to heat extremes. The detailed description of the UCs is presented in "Appendix 2".
A sampling framework was developed in collaboration with the local (district level) agriculture department. A full list of cotton farmers (140-160 per UC) was developed for each UC and then a minimum of 100 randomly selected farmers were interviewed in each UC. To ensure that the survey captured different land tenure systems as well, the following categorization was made for each UC: landless farmers (tenants, 2 sharecroppers 3 and contractors 4 ) small farmers (holding less than 12 acres of land), medium farmers (holding more than 12 acres but less than 25 acres) and large farmers (holding more than 25 acres).
5 A minimum of 75 landholders 6 and 25 in each UC were interviewed. The category-based data allowed us to make comparisons across different landholdings and location. Table 1 further elaborates the sample size as per each category of farmers. While DGK has a greater share of cotton production than FSD, 75% of the sample was selected from DGK whereas FSD accounted for 25% of the sample.
Calculation of vulnerability index
Both top-down (e.g. climate modelling-based approaches) and bottom up approaches (focus on what causes communities to be vulnerable) exist to study climate vulnerabilities (Hinkel et al. 2014; Dessai and Hulme 2004; Van Aalst et al. 2008) . Although a combination of both would be an ideal situation to identify vulnerabilities, lack of site-specific climate data allowed us to opt a bottom-up approach to identify climate vulnerabilities facing cotton farmers. One of the major advantage of using a bottom-up approach is that it helps in the identification of vulnerable groups and differences in vulnerabilities (even at small spatial scale) (Hinkel et al. 2014) .
Moreover, to carry out vulnerability assessment, we followed the vulnerability framework defined in IPCC AR4 i.e. Vulnerability = ƒ (exposure, sensitivity, adaptive capacity) This implies that vulnerability of an individual or household is directly proportional to exposure and sensitivity, whereas it is inversely proportional to adaptive capacity. This relationship has been endorsed by various experts including Adger (2006); Weis et al. 2016; Metzger and Schröter (2006) , etc. Exposure in particular, is related to the changes in climatic parameters (their intensity and frequency) and its potential impacts on resources. It answers the question of 'what is exposed?' and refers to the presence of people, livelihoods, species or ecosystems, environmental services and resources, infrastructure, or economic, social, or cultural assets in places that could be adversely affected (IPCC 2014) . On the other hand, sensitivity is more dependent on socio-economic factors (gender, decision making power, mobility options, community structure, etc.), that may or may not reduce the adverse impacts of climate change (Cardona et al. 2012) . Adaptive capacity plays a positive role in decreasing vulnerability against climate threat through adjustments in current behaviours. Some major attributes of adaptation include education level, networks (that promotes social learning and knowledge exchange), access to economic resources, livelihood diversification, social support institutions, etc. (Weis et al. 2016) .
After selecting the proxy variables for Exposure, Sensitivity and Adaptive capacity ("Appendix 4"), we normalised the variables based on the functional relationship of variables with vulnerability, using min-max normalisation (Iyengar and Sudarshan 1982) . In case of a positive relation (for example vulnerability vs. exposure and sensitive capacity), Eq. 1 was used, whereas Eq. 2 was used in case of negative relationship (for example, vulnerability vs. adaptive capacity).
where X ij denotes the value of indicator j (j = 1,2,3…n) in the i village (i = 1,2,3…n) and Y ij is the normalised score. The normalised values lie between 0 and 1.
In the next step, equal weights were assigned to each indicator using simple average of normalised score and vulnerability index was obtained using Eq. 3:
where X ij , Y ij and Z ij are indicators used as proxy variables for sensitivity, exposure and adaptive capacity. The vulnerability score obtained tells us the comparative vulnerabilities across various households. Using this methodology, we have derived comparative vulnerabilities: a. Based on UCs b. Based on landholding To obtain a score based on each UC or landholding, we aggregated the sum of individuals in a particular UC or landholding. The final score for each component explains the level of vulnerability of people residing in a particular UC. UCs and Landholders were then ranked based on the vulnerability score. First rank represents extreme vulnerability, whereas vulnerability decreases with the increase in rank (5th rank = lowest vulnerability). The value of each component (Exposure, sensitivity and adaptive capacity) ranges between 0 and 1, where 1 means most vulnerable and 0 means least vulnerable.
Finally, in terms of limitations, this paper focuses on two districts only and the findings cannot be generalized for Punjab or Pakistan. The findings, however, are reflective of the overall situation in similar regions.
(1) 3 Results and discussion
Future cotton production trends
Cotton production provides a direct entry point for climate impacts, which then trickle down to the associated value chains (Batool and Saeed 2017) . We have developed the impact modelling for the cotton crop to see how cotton yield might change over time under a changing climate. Figure 1 depicts future changes in the cotton yield over Pakistan relative to the base period 1981-2000, by taking the average of the whole ensemble (EPIC forced with 5 GCMs), for four different time slabs. As mentioned earlier, RCP 8.5 is the most extreme scenario in the suite of scenarios developed for IPCC AR5. We based our results on this scenario because it is also called as business-as-usual scenarios. The negative impacts of climate change on cotton yield start to appear right from the first-time slab (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) (2031) (2032) (2033) (2034) (2035) in northern region of Punjab. However, it is important to note that there is a slight increase in the central to southern Punjab region (Blue area) which is mainly attributed to the effects of CO 2 fertilization (McGrath and Lobell 2013), which tends to have a positive effect on crop yield (depending on crop type and other factors). However, a consistent decrease in the cotton yield is witnessed in other time slabs towards the end of the century. In the last time slab from 2076 to 2095, an acute reduction of around 60-80.0% can be seen in most of the cotton producing areas of Punjab and Sindh, especially in Punjab, which accounts for 80.0% cotton production of the country. As mentioned in Sect. 2, the purpose of analysing the data from global crop model is to have an idea about the future impact of global warming on the yield of cotton crop at the national level in future. Since the provinces of Punjab and Sindh together accounts for more than 95% of the country's cotton production, hence we show future yield of cotton averaged over these two province in Fig. 2 as relative difference (in %) from the base period. These are plotted by taking the spatial average of annual cotton yield over the provinces of Punjab and Sindh. A moving average of 10 years has been applied to smoothen the data by removing year-to-year variability. The analysis is carried out by taking the relative difference of four future period (2016-2035, 2036-2055, 2056-2075, 2076-2095) against historical period of 1981-2000. The dark lines represent median of the ensemble, whereas the shaded area represents the full range of the ensemble.
The figure projects a sharp decline in cotton yield by the end of this century, in a business as usual scenario, in which no significant change in mitigation or adaptation practices is made. The cotton yield is projected to decline by at least 60.0% by 2096, which will not only affect the livelihood of the cotton farmers but the impacts will likely have a trickledown effect on the associated industries as well as the overall economy of Pakistan (Batool and Saeed 2017) .
Vulnerability assessment at farm level
As mentioned earlier, we adopted IPCC AR4 vulnerability framework which is presented in Sect. 2. This section briefly outlines the indicators used to calculate exposure, sensitivity and adaptive capacity of the landholders and landless cotton farmers.
Exposure
Pakistan is severely exposed to climate risks as evident from climate events in the past and future threats identified in the literature (Asian Development Bank 2017). This section discusses the climate indicators used to derive the level of exposure of different landholders to climate change in our study sites.
Frequency of climate events
As a measure of exposure to climate risks, we have analysed perception-based data (due to lack of downscaled climate data for each district under consideration) on the occurrence of climate extreme events in our study sites. Table 2 provides information about the frequency and intensity of various primary and secondary climate events experienced by cotton farmers in DGK and FSD. At the overall sample scale, heat wave, 7 monsoon variability, resultant pest attack and price shocks after these events are witnessed at a higher intensity and scale relative to other climate-related shocks. 51.4 and 56.4% of the respondents said that they experienced heat wave and monsoon variability, respectively, between 1 and 3 times during the last 10 years. Similarly, 42.0% of the respondents witnessed pest attacks more than 3 times during the last 10 years.
The data also highlights that a large proportion of respondents said that they have never experienced floods, droughts, erosion, waterlogging, etc. which provides a rationale to develop policy interventions to safeguard these farmers, who are currently not under the threat of floods and droughts, as they could be faced with such challenges with climate change in coming decades. Moreover, there is a large percentage of cotton farmers who said that they have faced pest attack, erosion, heat wave and floods more than 1 time and up to 10 times during the last 10 years.
Geographic location is a major factor determining the exposure to climate change. DGK is highly vulnerable to flood risk due to close proximity to River Indus but FSD is not exposed to any such threat. Even within DGK, proximity of communities to Indus River defines the level of exposure to floods. Moreover, some communities reported being particularly vulnerable to hill-torrent flood risk, depending on their location. Within our sample size, 22.0% of the respondents were solely affected by riverine floods while 26.2% were affected by hill torrents. 10.1% of the respondents reported to have been affected by both hill torrents and riverine floods.
Based on the data, we find that overall floods, drought, monsoon variability and heat wave (as primary indicator, leading to other issues) are the major issues faced by cotton farmers. Analysis of location based climate risks highlights that UC Kala and Mor Jhangi are more exposed to floods as compared to UC 91 and Mana Ahmadani (Table 3) . These UCs have issues pertaining to heat wave and rainfall variability.
Sensitivity
Some of the factors determining the sensitivity of the cotton farmers in DGK and FSD are discussed below.
Number of male and female labourers involved in agricultural activities
A large number of females are involved in agriculture in DGK and FSD. Women bring girls with them for cotton picking and the picking activity serves as a networking platform for women at village level. Number of female labourers employed (at the respondents' land) for farm activities is almost double than male labourers in case of UC 91 and Mana Ahmadani. Figure 3 below highlights percentage of sampled cotton farmers affected by various climate events in different UCs in DGK and FSD during the last 10 years. In the case of Kala, 95.7% of the respondents said that they were affected by pest attack and floods in the last 10 years, followed by heat wave, prices shock and monsoon variability. Similar climate risks have been faced by UC Mana Ahmadani. UC Mor Jhangi is more affected by floods (almost 99.1% of the respondents affected by flood), price shocks and monsoon variability. While no episode of flood has been recorded in FSD, UC 91 is more affected from pest attack (99.0%) and heat wave (80.8%). Heat wave is one of the many reasons for pest attacks in Pakistan (Zulfiqar et al. 2010; Ton 2011; Baig and Amjad 2014) .
Percentage of farmers (respondents) affected by climate events
If we segregate our data on the basis of UCs and climate indicators, we find that there is a large proportion of cotton farmers that perceive high sensitivity to climate hazards. For example, in Table 4 , we have clustered all those farmers who have witnessed the climate event at least once in the last 10 years under 'sensitive to climate change. We have also developed another category of farmers who have experienced various climate events more than 3 times during the last 10 years and labelled them as 'severely sensitive'. Then based on these, we have categorised the percentage of population of farmers exposed. Results are presented in the form of a sensitivity matrix where green represents the population exposure of less than 30.0%, yellow represents population affected is greater than 30.0% but less than 50.0%, and red represents more than 50.0% of affected population. According to these measures, in UC 91 44.9 and 35.5% of the farmers are characterized as severely sensitive to risk of drought and heat wave, respectively. Conversely, farmers in UC Kala appear to be severely sensitive to floods (53.0%), heat wave (33.9%) and monsoon variability (20.0%). Largely, 95.0% of the cotton farmers said that they are sensitive to flood hazard and 88.7% of the farmers are sensitive to heat wave. In Mana Ahmadani, severe sensitivity to heat wave (36.4% of the farmers) and drought (21.9% of the farmers) can be found. A large proportion of farmers in Mor Jhangi (99.0%) reported that they are sensitive to flood risk while out of these, 69.2% are severely sensitive to the same. Heat wave and monsoon variability is also one of the severe risks facing farmers in Mor Jhangi. 
Percentage of population dependent on canal water for irrigation
In our sample size, we found that 45% of the farmers use only tube well water for irrigation whereas 50% of the farmers use both canal and tube well water. Due to variability in canal water availability, only around 5% of the farmers rely solely on canal water for irrigation. Segregation of data as per UC shows that Mana Ahmadani and 91 have the largest number of farmers who also use canal water for irrigation.
Adaptive capacity
A multitude of studies concludes that adaptive capacity plays a major role in reducing vulnerabilities and building resilience to climate impacts. As indicated earlier, access to education and resources (both physical and financial), livelihood diversification and social networks that promotes knowledge exchange are some of the key attributes of adaptation (Weis et al. 2016; Mendoza et al. 2014) . Using these as indicators, we have built an indicator of adaptive capacity to compare differential adaptive capacities among sampled farmers and UCs.
Education
In terms of education of the respondents (cotton farmers), UC Mor Jhangi and 91 has the largest number of college graduate cotton farmers (around 30-40%). On the other hand, UC 91 has a highest percentage (38%) of uneducated cotton farmers, followed by UC Kala (48%).
Livelihood diversification
Within our sample, agriculture is the primary source of income for 96% of the households. However, 57.3% of the households have a major second source of income. Out of those, 21.8% of the households rely on livestock for livelihood after agriculture. Other major secondary sources of income include government job (7.6%), construction (6.2%) and shop keeping (4.1%). At UC level, UC Kala has the least number of farmers dependent on only a single source of income, i.e. farming. On the other hand, UC Mana Ahmadani and Mor Jhangi has the most percentage of farmers with diversified income sources. Similarly, small and large landholders are more inclined towards income diversification, according to our sample. There is, however, no clear trend in case of landless farmers.
Wealth status
To derive sensitivities based on wealth status, we have calculated the wealth index. The methodology has been explained in "Appendix 3". Wealth index divides our respondents into five categories, i.e. very rich, rich, middle, poor and very poor. Landless farmers are categorised into very poor and poor categories. Small and medium farmers are represented in poor, middle and rich category whereas large landholders are mostly categorised into very rich category (see "Appendix 3").
As we are interested to compare wealth differences across UCs, we find that UC Kala and Mana Ahmadani have the largest percentage of very poor and poor cotton farmers (Fig. 4) . However, Kala also has the largest number of rich cotton farmers, followed by UC More Jhangi. In terms of sensitivity, interventions should be targeted at more vulnerable farmer's groups, i.e. very poor and poor.
Access to financial services and post-disaster compensation
Out of a sample of 436 farmers, only 34.4% have a bank account. 39.7% of farmers said that they have access to crop loans and insurance. However, almost 18.0% of the farmers reported that they do not prefer to take loans despite having access to financial services. Major reasons cited for not taking loans is high interest rates on borrowing and low capacity to return loans with interest. A small proportion (1.0%) of the respondents also reported religious reasons for not taking loans. The level of compensation after flood events for each UC is directly proportional to the severity of the flood. For example, a high number of farmers received compensation after 2010 floods in More Jhangi (90.0%) and Kala (52.2%) as compared to farmers in Mana Ahmadani (13.2%).
Access to weather information
With regards to weather information, 81.7% of the total respondents reported that they receive weekly or monthly updates on weather. There is a statistically significant relationship (correlation is significant at the 0.05 level; p value 0.021) between land size and receipt of weather information such that the number of farmers who receive monthly/weekly updates increase with the increase in the size of land. For example, 79.0% of small farmers said they receive weather updates as opposed to 85.5 and 92.2% of medium and large farmers.
Early warning
In our sample, only 12.4% of the farmers from flood-affected areas reported that they had received warning prior to the 2010 flood. Among those who reported to have been warned, 83.6% said that the warning included information about the severity of flood. While UC Kala and Mor Jhangi had severe episodes of flooding in 2010, 32.2% of the respondents from Kala and 16.3% from Mor Jhangi reported that they did not receive a warning before the flood.
Vulnerability Index
Since the main objectives of this paper is to see how climate vulnerabilities differ across various groups of farmers and UCs. In this section, we will analyse if there are any differences in vulnerability to climate change among different groups of landholders (small, medium and large) as well as farmers across different UCs. The relationship used for the calculation of vulnerability Index is presented in 'Data and Methodology' section. The proxy variables used to calculate vulnerability index are discussed in detail in previous sections. Functional relationship of these variables with elements of vulnerability is defended in "Appendix 3". Appendix 4 explains the steps used to derive the vulnerability index. Figure 5 summarises the overall results of the vulnerability index. The value of each component ranges between 0 to 1, where 1 means most vulnerable and 0 means least vulnerable. The figure shows that landless farmers are most vulnerable to climate change, followed by the categories of small landholders, medium landholders and large landholders. The vulnerability of landholders is related to the level of adaptive capacity as provided by access to financial services, strong networks which allows them to gain knowledge on new and adaptive agricultural practices, etc. Larger landholders are more likely to have access to these sources of adaptive capacity whereas small landholders and landless farmers are less likely to have large social networks, access to credit, or other assets such as livestock.
Comparative vulnerabilities across different landholdings
Based on the components of vulnerability, we also find that there is less variation in exposure and sensitivity to climate change between landholders and landless. On the other hand, large differences in adaptation were found among both these groups which suggests that adaptation capacity shapes vulnerability to climate change in the case of landholders and landless cotton farmers in semi-arid regions of Pakistan. While exposure and sensitivity to climate change are partly determined by external factors such as household dependency ratio and number of climate events experienced at farm level, adaptation decision-making can be promoted through targeted policy interventions that build institutional capacities and promote knowledge creation and sharing.
Comparative vulnerabilities across UCs
We find that farmers from UC Kala are the most vulnerable to climate change, followed by Mana Ahmadani, 91 and Mor Jhangi. A higher level of vulnerability implies high exposure and sensitivity to climate change coupled with low levels of adaptive capacity to cope with climate change. UC Kala is highly exposed to flood risks and has a relatively low percentage of farmers with livelihood diversification (45.0%), has larger households (having up to 20 members) and the highest number of non-educated cotton farmers. Similarly, Mana Ahmadani is also highly vulnerable to several climate change, including monsoon variability, drought and heat wave that lead to pest attacks. A major percentage of the farmers (82.7%) are dependent on canal water for irrigation which makes Mana Ahmadani highly sensitive to climate change. UC 91 has almost the same characteristics as Mana Ahmadani and is particularly vulnerable to heat stress. But since the level of exposure and sensitivity is not as high, this UC has a relatively lower vulnerability score.
On the other hand, farmers in Mor Jhangi, who are the most affected in terms of floods (as shown by exposure) is found to be least vulnerable as compared to other UCs. This is due primarily to the relatively high adaptive capacity of the farmers in this UC as Mor Jhangi has the highest number of college graduate farmers. It also has the highest rate of livelihood diversification primarily because of high risk of flood every year due to which people do not rely solely on agricultural income.
Conclusion and way forward for promoting climate resilient cotton production in Pakistan
The findings of this paper provide crucial policy entry points, which can help build resilience of the cotton farmers in Pakistan that are under continued threat of climate change. Cotton sector has suffered huge losses as a result of adverse impacts of climate in the past few years and will continue to be affected by large extent, as depicted by our climate projections, if adaptation measures are not taken. While it is crucial to understand underlying features of vulnerability to promote adaptation, we find that vulnerability to climate change decreases with increased size of landholding. More importantly, wealth plays an important part in promoting adaptation decisions at household level but it does not always ensure adaptation decisions. In other words, not all wealth farmers adapt to climate impacts. In terms of policy, it implies that there is a need for farmer level awareness raising about climate change and its implications for agricultural productivity. Currently, there is no formal mechanism to disperse climate information top down, where it is needed the most. Information is disseminated through social networks, which benefit large landholders with large social networks. This information gap regarding current climate risks and adaptation requirements results in major losses in productivity and limited adaptation to future climate risks.
Second, despite varying level of vulnerability across landholdings, we find that all landless and landholders are vulnerable to climate change. Flood being a recurrent climate risk for Pakistan ends in loss of livelihoods of millions of farmers across the country. This not only results in massive food insecurity but also increase in poverty as medium and small landholders are further pushed down the poverty line as they fail to recover from flood damages. Crop insurance, a potential tool to deal with financial losses, is although available (through public banks) but have extremely limited outreach. In this context, crop insurance tools need to be developed that caters for both short and long-term climate related losses faced by farmers. Targeted insurance tools should be developed for landless daily wage laborers.
Finally, data collected on the access to weather information also suggest extremely limited access of farmers to weather and climate information services. Weather information infrastructure at the local level should be upgraded and efforts should be made to develop easy access of farmers to information data. Again, training of farmers on how to interpret and utilize climate data for effective adaptation is required at the local level.
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Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. riverine flooding from the Indus river. We interviewed cotton farmers in two villages, namely Patti Makwal and Basti Raimen, with 60 and 400 households, respectively. Major occupation of the villagers include farming, daily wage labourer and foreign employment. Major crops planted in the villages include cotton, sugarcane, rice and wheat. Patti Makwal mostly has small farmers whereas Basti Raimen has a large number of medium-sized farmers (having more than 12.5 acres of land per household). Agricultural production in this UC is particularly affected by floods, heavy rainfall and pest attack. Although majority of the farmers produce cotton, there is no cotton farmer's organization at the UC level. There are around 6-7 pesticide and fertilizer Appendix 1: Map of the study sites Appendix 2: District profile
Dera Ghazi Khan
Brief profile of the selected UCs of DGK is given here:
Kala is located between DGK canal and river Indus. It is affected by floods from rod khoi (hill torrents) as well as suppliers, located at a distance of 3 km from the village. Farmers believe that the number of providers is sufficient to cater to the demands of local farmers. However, they think that the reach of government extension department needs to be enhanced.
Mana Ahmadani is further away from the Indus river and is moderately affected by floods from hill torrents. Within this, we have covered a number of villages, namely Basti garbi, Bhabay wala, Kotla Ahmed khan, Basti noor wahi, Hala and Basti Foja, based on cotton production figures. The population in these villages ranges from 500 (50 households) to 6000 people (500 households). Major occupations include agricultural production, daily wage labour (farm workers and small factory workers) and foreign labour. Wheat, sugarcane, cotton and tobacco are the major crops of these villages. Major crop issues include rainfall variability, hailing and pest attack.
Mor Jhangi is located at the western side of the river Indus and is severely affected by floods from the Indus river. Basti Malana, being a large village and severely affected by 2010 floods, was the only village covered under this survey. It has an average of 1800 households and has 2500 acres of agricultural land. It has a good mix of small, medium and large sized farmers, but large farmers dominate the cotton production. The majority of agricultural land was destroyed during the 2010 flood. Increase in temperature and resultant outbreak of pest is another major issues facing crop production in this region.
Faisalabad
Cotton production has declined by 30.0% in Faisalabad since 1991. Cotton farmers have shifted to sugarcane production. We covered one UC in Faisalabad having a large number of cotton farmers. Farmers in UC 91 still produce a comparatively larger yield of cotton. Village Danabad was selected as a study site. There is not a single episode of flooding recorded since 1981. This site was chosen to assess other climate indicators such as temperature change and rainfall variability, which have significant impact on crop production and quality. 
Appendix 4: Wealth index categories as per landholdings
Following the methodology used by Vyas and kumaranayake (2016), we have constructed the wealth index, using the Principal Components Analysis (PCA). PCA helps in the identification of small uncorrelated variables in a large dataset, defines their relationship, summarizes the data and prevent loss of even minute information (Devkota et al. 2014, Filmer and Prittchet 2001) . PCA can be mathematically represented as follow:
where x m and s m are the mean and standard deviation of asset x m , and is the weight for each variable. This division of data creates weighted components or factors that allows for interpretation of smaller components from large datasets. 
